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Phosphotyrosine of macrophage by low-density lipoprotein because of the modification of LDL. However, the rela-
from hemodialysis patients. tionship between ligands and macrophage receptors in
Background. Because of the possible importance of tyrosine the process of signal transduction is still unclear. There-
phosphorylation in the signal transduction process, we investi-
fore, we investigated whether an interaction of LDLgated whether an interaction of low-density lipoprotein (LDL)
from hemodialysis patients (HD-LDL) and human mac-from hemodialysis patients (HD-LDL) and human macro-
phages induces tyrosine-phosphorylated proteins in the macro- rophages induces tyrosine-phosphorylated proteins in
phages. the macrophages.
Methods. Human monocyte-derived macrophages were in-
cubated with HD-LDL (100 mg/ml) or native LDL (100 mg/ml)
for 15 minutes at 378C. Whole cells were lyzed with Tris-HCl METHODS
buffer containing vanadate and Triton X-100. After centrifu- Human monocytes were collected from healthy humangation, lyzed proteins were divided into Triton-soluble and
blood on Ficoll-Hypaque. Then human monocyte-derived-insoluble fractions. Both fractions (soluble and insoluble) were
macrophages were incubated with HD-LDL (100 mg/ml)separated by sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis and were electroblotted onto a polyvinylidene or native LDL (100 mg/ml) for 15 minutes at 378C. In
difluoride (PVDF) membrane. Immunoblotting was performed some experiments prior to these cultures, macrophages
using an antibody against phosphotyrosine or c-Src. were incubated in the presence or absence of genestein
Results. Several proteins in the range 40 to 100 kDa were
for two hours at 378C. Whole cells were lyzed with 20 mmfound to be phosphorylated constitutively in the macrophages
Tris-Hcl, pH 8.0, buffer containing 1 mm orthovanadateand not affected by the addition of HD-LDL. HD-LDL did
and 1% Triton X-100 at 48C. After centrifugation, lyzednot induce any tyrosine-phosphorylated proteins either in the
soluble or insoluble fractions. Macrophages pretreated with proteins were divided into Triton soluble (supernatant)
tyrosine kinase inhibitor genestein drastically inhibited tyro- and insoluble (pellet) fractions. Both fractions (soluble
sine phosphorylation of these proteins. The nonreceptor tyro- and insoluble) were separated by 10% sodium dodecyl
sine kinase, c-Src p60, was also strongly tyrosine phosphory- sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)lated in the macrophages, and this was not enhanced by the
and electroblotted onto a polyvinylidene difluoridestimulation of HD-LDL.
(PVDF) membrane. The blocking reagent was bovineConclusion. These data suggest that tyrosine autophosphory-
lated proteins may play a role in the early step of signal trans- serum albumin. Immunoblotting was performed using an-
duction in the macrophages. tibodies against phosphotyrosine or c-Src. Detection was
carried out with an enhanced chemiluminescence (ECL)
system (Amersham Corp., Arlington Heights, IL, USA).
It has become apparent that after binding of several
ligands to their receptors, tyrosine kinases are activated
RESULTSwithin receptors or intracellular molecules, leading to
transmission of the signal transduction process [1, 2]. To test the possibility of the involvement of tyrosine
Macrophages are known to express scavenger receptors phosphorylation in the signal transduction, we analyzed
the tyrosine-phosphorylated proteins in the macrophages.for uptake of modified low-density lipoprotein (LDL)
Several proteins in the range 40 to 100 kDa were found[3]. The appearance of cells that accumulate excessive
to be phosphorylated constitutively in the macrophageslipids from modified LDL is the earliest lesion in athero-
and not affected by the stimulation of HD-LDL. HD-sclerosis. On the other hand, patients undergoing hemo-
LDL did not induce any tyrosine-phosphorylated pro-dialysis show accelerated atherosclerosis [4, 5], in part
teins either in the soluble or insoluble fractions (Fig. 1).
To examine whether tyrosine kinases are responsible for
Key words: phosphorylation, signal transduction, tyrosine kinases. the phosphorylation, we treated the macrophages with
tyrosine kinase inhibitor genestein prior to the addition 1999 by the International Society of Nephrology
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Fig. 1. Phosphotyrosine immunoblotting of human macrophage proteins. Human macrophages were either unstimulated (lane 1) or treated with
native low-density lipoprotein (LDL; lanes 2 and 4) and HD-LDL (lanes 3 and 5) for the indicated times. Lysates were divided into Triton-
soluble and -insoluble fractions, as described in the Methods section. Proteins were separated by 10% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis, immunoblotted with antiphosphotyrosine antibody, and visualized by enhanced chemiluminescence.
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nonreceptor tyrosine kinase, c-Src p 60, was also strongly
tyrosine phosphorylated in the macrophages, and this
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